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treatment was administered are tabulated (table 1). The 
estradiol dipropionate \vas administered in both single and 
divided doses, the estradiol in dinded doses only. The eiiects 
of treatment on the mother -and the percentage of animals 
carrying to term will be reported later. 

After delivery by cesarian section on the t^venty-second 
day of pregnancy (the usual time of parturition in our rat 
colony), at least one male and one female from each litters 
Avere killed and ..examined under a -dissecting, microscope, i 
Since .the males and females-of,,the hidier dosa£>"e litters are/ 
externally identical :it was sometimes necessary to sacrifice 
several animals -in order to obt-ain-one. of each sex.; The re- 
maining young were given to foster mothers. 

OBSSKVATIOXS 

Stimulation of certain normal female structures has been 
found in all of these females. Normally nipples appear about 
the fourth day postpartum in the female rats of our colony, 
but in the modified females large, well-developed nipples are 
present at birth. In the normal newborn the uteri are thin, 
thread-like structures extending from the ovaries at the caudal 
base of the kidney to behind the base of the bladder where they 
fuse to form the vagina (fig. 1). In the modified, females the 
uteri are grossly thickened, the diameter being two to three 
rimes greater than normal (fig. 2). Microscopic examination 
and measurements definitely prove that this enlargement is 
due to actual crowth as well as to distention bv secreted fluid. 
There is also some enlargement of that portion of the vagina 
which is present (figs. 3 and i). 

Inhibition of normal female structures also occurs in these 
modified females. Normally the ovary of the newborn female 
iis almost completely covered by the ovarian capsale. .In the 
modified animals the ovarian capsule is lacking and con- 
sequently the gonads are bare. .-This absence of the ovarian 
capsule is also found in the masculinized females produced 
by giving large doses of androgens to the pregnant rat (Greene, 
Eurrill and I\T: '3Sb, ^39 b). Development of t!ie lower 
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vasina is also inhibited in the modified females. Normally 
loiro-itudinal fission of the m-ogenital sinus into urethra and 
lower vagina is almost complete at birth, only the 'caudal x 
part of the vagina remains attached to the urethra by. a .= 



■J^~''^ 



J 

4 



i 



ABBREVIATIONS 



B., bifurcarion of upper vagina 
Z. D,. ejacubtorv dutt 
ZF., eSercnt tubules 
0,, ovarj- 
OV., oviduct 



S.V., semiral T^aicle 

v.. urethra 

TJT.. uierus 

T.. va-gina i 

y^D.j wolffian duct ' 




FiE.l Normal uevvborn female. Sketch made .from graphic recoustrjction. 
rig. 2 286-B. Ketv-bcm female. Mother Teceived 10 mg, c cstraoiol <l^^»°f^^^ 
the thirteenth to seventeenth days of pregna,ncy. 

bridge of epithelial cells. • In the . experimental animals, th^ 
fission process has been inhibited so that the lower vagma is . 
only partially separated from the nrethra. . In some cases 
the extreme caudal part of the lower vagina is not formed at 
all. This inhibition of vaginal development is smiilar xor 
but less extensive than that found in the masculinized females 
obtained bv giving androgens to the pregnant rat (Greene, 















* - .-•'^ 

S. 

m * » • • 

.•• • • ^.. 

• •. . • • ^^ 

. *^' ■ *- •■1* 

■*•*.* • b "^ ^ 
- fc • • • 



ti-e 



?.t; 









•jt'ii^A. 



ifp. tl*irt<-i-iitli 10 ii!> 



rtiK 



,■ .;>.,•.«.>! 1* \'- ->' 






i 



1 • 




rvy 




% Normally 

urethra and 

the candal 

rethra bv a 



vesicle 



cuct 





.^jfffeat— J 




'.•^-:^»f=^«^J 





latrufition. " *'*^yr/^ 

* t * 

tradiol during ^^jrj^ 




oimals the • 'f'^ 



vasina is- ^■ 





ome^case 
formed at 

;imilar to, ^s^^^i^Ji 
•d females 
: (Greene, 



• Vrif>i\>ii- -J 









'^W'^ 

















--^.^v^. 









?y:t 






5;>^3^ 



^1^ 



'>2 



'J^?^ 



^^^^^^if^r; 



C^: 



S'if 



L^r 



rf-r: 







n&.3 - 



6o*A. 



rKvoinj.:ii;yiu^ ejui^-iilntt.iM- .lur!>. .\l<=rh.,'r r*i-.-iv.-l -J;', mj;. tMraa'n.! .I'jj.roiiluiii.iu 
on i:ijr:eeiitli to i):iu-tf«r)»:li ibv^ ot j)rt^'«iMK-y. X '*h. 

Fig, 4 Morinnl newborji r*-iii;iiv. >r(-ri"U Ti:rt>nu'ii uy[irrT v:ii;':n;i. X 7'. 



THK A-NATOMJCAI. RF,<'-in;J<. \«>i. Tj. ^,,, ^ 









•>i 



:<? 








-•hi; r-| 



5p 



4 




«*??»«= 







^.- 









ii 



-*i.* -" 




« .H : I 




W. BURHILL AND A. C, HT 






Burrill and Ivy, '3S b, '39 b). Another abnormality in vaginal 
development lia.s been noted in some of the modified females. 
At the level ^vhero the upper vag-ina is continuous with the 
lower, the upper vagina is bifurcated. This condition probably 
represents an inhibition or arrest of normal 'development. 
Normally the upper va^rina is formed by -the fusion of the, 
miillerian ducts.r The extreme caudal portions of the 'ducts, 
where tliey join the nrogeniial sinus, remain separate as 
late as tlie twentv-first dav. Between the twentv-first and 
twentv-second duvs thev fuse so that at birih the transition 
point between the upper and lower vagina is not apparent. 
This final fusion has failed to occur at the proper time in ^tbe 
.modified females so that the caudal end of the upper vagina-f-- 
■is bifurcated (fi.ir. 2). >"V\Tiether or not this bifurcation dis- 
appears after birth is not yet known. 

Besides these effect.^, both stimulatory and inhibitory, on 
various female structures, some stimulation of male struc- 
tures is evident in tlie modified females. Normally, in the 
female, the wolffian duct starts to resrress on the seventeenth 
day of development and continues on subsequent days until, 
-on the tw*entv-first dav, onlv two remnants remain. One 
remnant, usually verv small is situated craniallv and is con- 
tinuous with the efferent tubules: the other is located candally 
and represents the bomologue of the male ejaculatory duct. 
This caudal remnant ordinarily becomes involved in the for- 
mation of a small portion of the vagina and is ncA present as 
a discrete structure at birth. In the modified newborn females, ,,:^ 
wolfiian ducts haye been found in various states of preserva-^ 
tion. tin some, only the caudal remnants are preserved as 
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Fig. 5 Norma! newborn female. Section of uierui. X '5. 
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short, solid epithelial cords which fuse with the vaginal 
epithelium. This coiiclitiou represents the lowest dep-ee of 
retention noted. Move and more complete preservation of 
the wolffian ducts is found, culminating in complete retention 
of both wolffian dncts as well-developed patent strnctnres ex- 
tending from the efferent tubules, with which xhev are con- 
tinuous, to the vai;*ijia with which thev also communicate 
(fig. 2). True seminal vesicles have not been found in these 
animaU, but in five animals a partial constriction of the vas 
has been noted at the level where the seminal vesicles normallv 
bud off from the wolffian duct (ng. 2). 

Within the dosage range which we have used to date (O.S 
to 100 mg.) there has -been -no. evidence of a. correlation be- 
tween theamount of estrogen administered to the pregnant rat 
and the degree of effect on the female offspringv This lack of 
correlation is somewhat surprising in view of the fact that 
the degree of masculinization of female offsprmg obtained 
by the administration of androgens to the pregnant rat varies 
directly with the dosage (Burrill, Greene \nd Ivy, '39). 
Ho"\\3ver^Ji.,jL5 possible that when the maximum dosage of 
estrogens is Increased beyond the present limit of 100 mg., ' 
such a correlation will become evident. 

BISCCSSION 

It may be argued that these changes in the females repre- 
sent only arrested developments and not true masculinization. 
The presence of the wolffiaii duct may be interpreted in this 
way since this duct is present in one period of normal female '^ 
development. In these females its subsequent involution has 
been inhibited. Also, the fact that the wolffian duct is not ' 
highly differentiated in these females lends credence to this 
interpretation, i.e., the duct has been retained, but has not^ 
been stimulated to develop in a typically n^.ascnline manner. 
However, the tendency toward seminal vesicle- formation 
found in five out of twenty-one of these females cannot be 
attributed to developmental arrest inasmuch as no seminal 
vesicular anlage occur in normal female development (Greene, 
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Burrill and Ivy, '^39 b). The females obtained from mothers 
^vhich were treated "with high dosages of estrogens during 
pregnancy may be considered as having been 'masculinized* 
in that the development of certain female strnctures has been 
inhibited and certain structures characteristic of the male 
have been caused to persist or to develop. 

The behavior of the uros:enital sinns in both the male and 
the female offspring of estrogen treated mothers is also in- 
explicable. In the female, norms.1 development is partly sup- 
pressed so that an incomplete, poorly formed lower vagina is 
produced; As has been mentioned in a previous publication 
(Greene, Burrill and Ivy, '39 b), a similar arrest of urogenital 
sinus development may be cansed by injecting estrogens 
directly into the normal newborn female rat. No evidence 
of masculine development of the urogenital sinus, i.e., the 
formation of prostates, has been found in these females. 
In the male offspring of estrogen treated mothers, masculine 
development of the urogenital sinus is inhibited, i.e., prostates 
are lacking, but there is a certain degree of development in 
the female direction inasmuch as a partial lower vagina is 
formed. The end result of the alterations in the development 
of the urogenital sinus is practically identical in the male 
and female offspring. 

It should be emphasized that, in the experimental procedure 
employed, estrogens were administered to the pregnant rat. 
There is no proof, therefore, that the changes in the offspring- 
are produced by a direct action of the estrogens on the de- 
veloping fetuses. "Whether the action is direct or indirect 
the results obtained are indeed paradoxical. The wolfinan' 
ducts have been caused to persist in the female and have 
undergone actual degeneration and partial disappearance in 
the male. Feminine develoDment of the urosrenital sinus has 
been inhibited in the female and .stimulated in the male. 

su^l.^URV 

Large doses (O.S to 100 mg.) of estrogens (estradiol and 
estradiol dipropionate) have been administered to pregnant 
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rats. Twenty-one newborn females have been serially sec- 
tioned and stndied. In these animals there was a stimulation 
of certain female strnctures (uteri and nipples) and inhibition 
of other female structures (lower vagina and ovarian capsule). 
In twenty animals there has been partial or complete preserva- 
tion of the wolffian ducts. In one animal the wolffian duct 
was complete on one side and in another'-both ducts were 
complete. 
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